Personal care product use is a well-established pathway of exposure for notable endocrine disrupting compounds (EDCs), including phthalates, parabens, triclosan, benzophenone-3 (BP3), and bisphenol-A. We utilized questionnaire data from the National Health and Nutrition Examination Survey 2009-2012 cycles to examine the associations between use of sunscreen and mouthwash and urinary concentrations of phthalate metabolites and phenols in a nationally representative population of US adults (n = 3529). Compared with individuals who reported "Never" using mouthwash, individuals who reported daily use had significantly elevated urinary concentrations of mono-ethyl phthalate, methyl and propyl parabens, and BP3 (28%, 30%, 39%, and 42% higher, respectively). Individuals who reported "Always" using sunscreen had significantly higher urinary concentrations of triclosan, methyl, ethyl, and propyl parabens, and BP3 (59%, 92%, 102%, 151%, and 510% higher, respectively) compared with "Never" users of sunscreen. Associations between exposure biomarkers and sunscreen use were stronger in women compared with men, and associations with mouthwash use were generally stronger in men compared with women. These results suggest that sunscreen and mouthwash may be important exposure sources for EDCs.
INTRODUCTION
Chemicals used in personal care products are of concern to environmental health researchers and the public because of potential for widespread exposure, and because their inclusion in these products is largely unregulated. Some of these chemicals include phthalate diesters and phenols, such as benzophenone-3 (BP3), triclosan, and parabens -including methyl paraben (MP), ethyl paraben (EP), propyl paraben (PP), and butyl paraben (BP) -and, in some instances, bisphenol-A (BPA). Toxicology studies indicate that a number of these compounds may have endocrine disrupting properties or other physiologic consequences that could result in systemic effects in humans. [1] [2] [3] [4] [5] [6] [7] Furthermore, exposure to these chemicals has been linked to a number of adverse health end points including chronic diseases like obesity, diabetes, and hypertension as reproductive outcomes like subfertility and endometriosis. [8] [9] [10] [11] [12] Personal care product use is a well-established pathway of exposure to both phthalates and phenols. Phthalates are found in cosmetics, lotions, perfumes, deodorants, and nail polish. Individuals who use these products have significantly higher urinary concentrations of some phthalate metabolites, particularly the low molecular weight phthalates mono-ethyl phthalate (MEP), mono-n-butyl phthalate (MBP), and mono-isobutyl phthalate (MiBP). [13] [14] [15] Phenols are found in some of these products as well, particularly lotions, cleansers, cosmetics, soaps, and sunscreen. 15 Some studies too have reported higher urinary concentrations in association with product use. 16, 17 Exposure to these compounds through oral hygiene products and sunscreen use is studied less commonly, with the exception of BP3 which is a widely known UV filter. [17] [18] [19] However, triclosan and parabens are utilized in a number of sunscreens and mouthwashes for their antimicrobial properties. 20, 21 Additionally, phthalates may be used in these products as a vehicle for fragrances. Although the capacity for absorption and/or ingestion of these compounds is established, very few studies have explored mouthwash and sunscreen specifically as exposure sources.
The National Health and Nutrition Examination Survey (NHANES) is commonly and effectively utilized to examine the distributions of these chemicals in a nationally representative sample, as well as cross-sectional associations with adverse health outcomes or biomarkers of intermediate effects. While none of the study's many questionnaires are specifically designed to assess product use, in the present analysis we identified two that assess use of mouthwash or sunscreen in a large subset of study participants from 2009 to 2012. In the present analysis, we examine the associations between urinary concentrations of phthalate metabolites and phenols typically found in personal care products in association with self-reported use of these products. Furthermore, as personal care product use differs dramatically by gender, we explore differences in associations in males compared with females.
MATERIALS AND METHODS

Study Population
NHANES is an ongoing cross-sectional study conducted by the National Center for Health Statistics that collects data every 2 years on demographic, anthropometric, dietary, and biologic characteristics in a nationally representative sample. Recruitment, specific features of study design, and the array of measures collected and biomarkers measured in collected specimens are described in detail on the NHANES website: http:// www.cdc.gov/nchs/nhanes.htm. For the present analysis, we combined NHANES data from the 2009-2010 and 2011-2012 cycles.
Exposure Biomarker Measurement
Urine samples were collected in a subset of participants at a mobile examination center, frozen at − 20°C, and shipped on dry ice to the Centers for Disease Control and Prevention Personal Care Products Laboratory for analysis. 22, 23 A panel of phthalate metabolites and environmental phenols were measured using high performance liquid chromatography-electrospray ionization-tandem mass spectrometry (HPLC-ESI-MS/MS) and online solid phase extraction (SPE) coupled to HPLC-isotope dilution MS/MS, respectively, by previously published protocols. 22, 23 For phthalate analysis, urine samples first underwent enzymatic deconjugation from glucuronidated forms so that measured concentrations represent total urinary concentrations. For the present analysis, we examined phthalate metabolites and environmental phenols that are commonly used in personal care products, including mono-benzyl phthalate (MBzP), MBP, MiBP, MEP, triclosan, BPA, MP, EP, PP, BP, and BP3. Levels below the limit of detection (LOD) were replaced with the LOD divided by the square root of 2. Urinary creatinine concentrations, indicative of urine dilution, were assessed using an enzymatic reaction and measurement with a Hitachi Modular P Chemistry Analyzer.
Product Use Data from Questionnaires
As part of the NHANES study, a variety of questionnaires are administered during home visits, before physical examination. We examined each questionnaire from the 2009-2010 cycle to identify questions related to personal care product use, and identified two surveys that contained questions reflective of individual-level mouthwash and sunscreen use. Mouthwash use was estimated from the Oral Health questionnaire. The variable used was a response to the question "Aside from brushing your teeth with a toothbrush, in the last seven days, how many days did you use mouthwash or other dental rinse product that you use to treat dental disease or dental problems?" 25 This question was administered to participants ages 30+ for both 2009-2010 and 2011-2012 cycles. Responses were coded as a continuous variable (0-7 days). Participants who refused to answer this question or reported that they did not know were recoded as missing data. For the purposes of this analysis, responses were recoded as follows: "Always" (reported use 7 out of the last 7 days); "Sometimes" (reported use 1-6 out of the last 7 days); or "Never" (reported use 0 out of the last 7 days).
Sunscreen use was estimated from the Dermatology questionnaire, which was administered to a subset of participants ages 20-59 in both survey cycles. The variable used was a response to the question "Use sunscreen?" Responses were coded as a numeric variable (1-5) with numbers corresponding to the following responses: (1) Always; (2) Most of the time; (3) Sometimes; (4) Rarely; and (5) Never. 26 We recoded responses as follows: "Always" (reported use Always); "Sometimes" (reported use Most of the time, Sometimes, or Rarely); and "Never" (reported use Never).
Statistical Analysis
All analyses were performed using R version 3.1.0 27 and were adjusted for the complex NHANES design using appropriate weights created based on the smallest subsample examined, which in this case was for participants with urine samples analyzed for urinary phthalate metabolite and phenol concentrations. 28 These analyses were performed using the R package "survey" (http://cran.r-project.org/web/packages/survey/survey.pdf). First, we examined distributions of continuous covariates, including age, body mass index (BMI), and poverty income ratio (PIR) in the total population and by mouthwash and sunscreen use categories by calculating percentiles. Differences in continuous covariates by category were tested using generalized linear models. We also examined distributions of categorical covariates by looking at raw sample sizes and weighted proportions in the total population and within each product use category.
Next, we examined distributions of exposure variables by survey year, presenting unweighted number of samples below the LOD as well as weighted percentiles.
We examined the relationship between mouthwash or sunscreen use and urinary phthalate or phenol concentrations with linear regression models. Product use variables were modeled as categorical independent variables, and continuous natural log-transformed exposure biomarkers were modeled as dependent variables. In secondary models, mouthwash and sunscreen use variables were modeled continuously to test for significance of trends in exposure biomarker levels in association with increasing product use. Models were adjusted for covariates selected a priori based on known associations with urinary exposure biomarker concentrations. These adjustments were expected to improve model precision and to account for confounding by associations between covariates and product use. Fully adjusted models included natural logtransformed urinary creatinine (continuous), age (continuous), gender (categorical), race/ethnicity (categorical), PIR (an indicator of socioeconomic status; continuous), BMI (continuous), and survey year (categorical). Season at the time of questionnaire was reported only by 6-month period and thus was not included as a covariate in the analysis. Models adjusted for urinary creatinine only were examined for comparison purposes. Effect estimates from models and standard errors were transformed into percent change [%Δ] in exposure biomarker in association with the category of product use, with 95% confidence intervals [CI], for interpretability.
Because few studies previously have examined the relationships for personal care product use in men, we additionally examined the effect modification of these relationships by gender. We re-created the models above with the addition of an interaction term between gender and each product use variable, and created stratified models for men and women separately to quantify effect estimates within each gender.
RESULTS
From 2009 to 2012, there were 3529 NHANES participants who had measurements for urinary phthalate metabolites and phenols and who responded to either the sunscreen or mouthwash use questions. For the mouthwash variable, the distribution of use was as follows: "Always" use (n = 973, 34.3%); "Sometimes" use (n = 654, 23.1%); and "Never" use (n = 1,209, 42.6%). For the sunscreen variable, the distributions were "Always" use (n = 296, 12.1%); "Sometimes" use (n = 1,051, 42.9%); "Never" use (n = 1,101, 45.0%). Distributions of continuous and categorical covariates in subsets of the populations with mouthwash and sunscreen use questionnaire data available are presented in Tables 1 and 2 , respectively. Notably, PIR was significantly lower, indicating lower socioeconomic status, in participants who reported "Always" using mouthwash compared with those who reported "Never" using mouthwash. Also, PIR was significantly lower in participants who reported "Never" using sunscreen compared with those who reported using sunscreen "Sometimes" or "Always." Table 3 shows urinary phthalate metabolite and phenol distributions in the study population by survey year. Generally, urinary concentrations were lower in participants from the 2010-2011 cycle compared with those from the 2009-2010 cycle, with the exception of BP3 which was slightly higher. In some instances, the differences were striking, as for MEP (47% reduction in median urinary concentrations in the 2011-2012 vs 2009-2010 cycle). This is consistent with trends observed previously for phthalates. 29 Percent change and 95% CI for urinary concentrations of exposure biomarkers for "Sometimes" or "Always" users of mouthwash or sunscreen, compared with "Never" users, are presented in Figure 1 . Adjusted models of mouthwash use (n = 2522) showed that individuals who "Always" used mouthwash or dental rinse had significantly higher urinary concentrations of MEP (%Δ = 27.8, 95% CI = 2.98, 58.5), BP3 (%Δ = 38.5, 95% CI = 6.54, 80.2), MP (%Δ = 30.0, 95% CI = 12.4, 50.2), and PP (%Δ = 42.2, 95% CI = 13.7, 77.8) compared with individuals who "Never" used mouthwash. Trends in levels were significant across categories for each of these compounds (P o0.05), although only PP concentrations were significantly higher in "Sometimes" compared with "Never" users of mouthwash (%Δ = 36.8, 95% CI = 6.41, 75.7).
Adjusted models of sunscreen use (n = 2225) showed that participants who "Always" used sunscreen had strikingly higher urinary concentrations of BP3 (%Δ = 509.8, 95% CI = 311.7, 803.2) compared with participants who "Never" use sunscreen (Figure 1 ). "Sometimes" users also had significantly higher levels compared with "Never" users (%Δ = 172.1, 95% CI = 122.8, 232.3), and the trend across categories was significant (P o 0.001). Additionally, triclosan concentrations were significantly higher in participants who reported "Always" (%Δ = 58.7, 95%CI = 16.0, 117.2) or "Sometimes" (%Δ = 43.5, 95% CI = 15.2, 78.7) using sunscreen (P trend = 0.002). All of the parabens examined were significantly elevated in urine from "Always" and "Sometimes" users compared with "Never" users as well (P's for trend o 0.01). No significant associations were observed between urinary phthalate metabolites and sunscreen use categories. Models adjusted for urinary creatinine only had slightly larger effect estimates but were generally similar to fully adjusted results (Supplementary  Table S1 ). When we examined associations stratified by participant gender, some distinct patterns emerged (Table 4) . For mouthwash use, we observed generally that associations between "Sometimes" or "Always" use of mouthwash and urinary exposure biomarkers were elevated in men compared with women. This was particularly true for MP, PP, and BP associations with "Always" use. Interaction terms between "Always" use and gender, however, did not attain statistical significance. For sunscreen use, we observed greater effect estimates for the associations between "Sometimes" or "Always" use of sunscreen and all Figure 1 . Adjusted a percent change and 95% confidence intervals in urinary phthalate metabolite or phenol concentrations in participants reporting "Sometimes" or "Always" use of mouthwash or sunscreen compared with participants reporting "Never" use in NHANES 2009-2012. *Denotes significant (P o0.05) trend for exposure biomarkers across product use categories.
a Models adjusted for urinary creatinine concentration, age, poverty income ratio, race/ethnicity, body mass index, and survey cycle.
exposure biomarkers in women compared with men, and interaction terms were statistically significant between "Always" use and gender for MEP and BP. No interactions were observed for MBP, MiBP, MBzP, or BPA for either mouthwash or sunscreen use, and effect estimates were null in both men and women (data not shown).
DISCUSSION
In a nationally representative US sample of 3529 participants, we observed that self-reported use of sunscreen was associated with higher urinary concentrations of BP3, triclosan, and parabens. Additionally, self-reported mouthwash use was associated with higher urinary concentrations of MEP, BP3, and some parabens. Furthermore, we observed that the associations between sunscreen use and MEP and butyl PB exposure were significantly stronger in women. Although this was an observational study and the associations are not necessarily causal, they suggest that sunscreen and mouthwash use are important sources of exposure to these non-persistent compounds.
Triclosan, parabens, and BP3 are FDA-designated active ingredients, 30 and can be found on labels for some sunscreens and oral hygiene products. Additionally, some studies have performed laboratory testing of personal care products to quantify concentrations of phthalates, phenols, and other chemical compounds. Rudel and colleagues published an extensive study in 2012 measuring 213 personal care products and testing for a panel of compounds of interest, including phthalates and BPA as well as triclosan, parabens, UV filters, and others. 15 In sunscreens, they detected a number of phthalate diesters as well as BPA and some parabens, but not triclosan. Mouthwash or other oral hygiene products were not examined in this analysis.
A number of studies have examined biomarkers of these compounds or their metabolites in relation to personal care product use questionnaires with some notable limitations. First, most of these studies have examined pregnant women alone, and to our knowledge only one study -measuring phthalate metabolites only -included male participants. 31 A second limitation to this body of literature is that studies seldom quantify oral care product usage.
From the studies examining urinary phthalate metabolites in relation to questions from product use questionnaires, the clearest finding has been for an association between use of fragrances, perfume, or cologne and urinary concentrations of MEP. [31] [32] [33] [34] [35] [36] Findings for other phthalate metabolites have been less consistent. In regard to sunscreen use, one study of pregnant mothers observed elevated urinary MBP and mono-methyl phthalate (MMP) concentrations in women reporting recent application; 36 however, two other studies observed no associations with phthalates. 37, 38 Sample sizes for these analyses were small (N = 50-177), although two had repeated measure designs. In the present analysis, we observed no association between sunscreen use and urinary phthalate metabolites, which is consistent with these generally null findings.
Two studies also examined urinary phthalate metabolites in association with mouthwash use; a study of mothers in Sweden observed lower levels of MBzP in mouthwash users, but no differences for other metabolites, 37 and a study of Puerto Rican pregnant women observed no associations with phthalates. 38 In our study, we observed significantly higher urinary concentrations of MEP in participants who reported "Always" vs "Never" use of mouthwash. Our ability to detect this association may have been due to the large sample size available for the present analysis, and our inclusion of male participants.
Fewer studies have examined associations between biomarkers of phenol exposure in relation to personal care product use. Specific to sunscreen use, two studies in women examined associations between phenols and self-reported use of sunscreen but did not detect significant associations. 17, 35 In our analysis, we observed increases in BP3, all parabens measured, and triclosan in Table 4 . Adjusted a percent change (95% confidence intervals) in urinary phthalate metabolite or phenol concentrations in participants reporting "Sometimes" or "Always" product use compared with participants reporting "Never" product use in males and females separately from NHANES 2009-2012.
Mouthwash
Men (n = 1297) Women (n = 1225) participants with recent sunscreen use. Although the findings for BP3 are expected, 18 the significant increases in urinary paraben and triclosan concentrations in sunscreen users are novel. The application and necessity of these compounds in sunscreens may deserve additional scrutiny.
Only one study examined self-reported mouthwash use in relation to phenol exposure, observing higher urinary concentrations of BPA and BP3 in pregnant mouthwash users, but no significant differences for triclosan or parabens. 17 Consistent with that study we observed higher BP3 exposure in NHANES participants reporting "Always" vs "Never" use of mouthwash, but we did not observe associations with BPA. Also, we did not observe associations with triclosan, even though it is listed as an ingredient in some mouthwashes. 20 Our novel findings of elevated MP and EP concentrations in "Always" compared with "Never" mouthwash users suggest that this may be a previously unnoticed but potentially important source of exposure to these compounds in the general US population.
In our sensitivity analyses, we observed interesting differences in the associations between exposure biomarkers and mouthwash or sunscreen use in men and women examined separately. For mouthwash, associations were generally stronger between exposure biomarkers and use in men, although interaction terms were not statistically significant. This was particularly true for the parabens MP, PP, and BP as well as BP3. Although these findings may be due to chance, they could also suggest that mouthwash use may be a more important route of exposure to these compounds in men compared with women. For sunscreen, associations were consistently stronger in women compared with men. This observation may be explained by greater quantities of sunscreen used in each application by women, 39 greater measurement error in estimates for men because of the small sample size in "Always" users, and/or differences in reporting of product use in men compared with women.
A major advantage of this analysis was our ability to assess associations between urinary concentrations of phthalate metabolites and phenols and personal care product use questions in a large and nationally representative US sample. This is the largest study of its kind to date and also addresses these associations in adult men. To our knowledge, only one other study has examined the relationship between personal care product use and urinary phthalate metabolites in men and none have examined the relationship with phenols. These findings deserve corroboration in a study designed more specifically to address this research question, with particular attention to quantities of the product used.
Our analysis had several limitations, primarily due to the fact that these data were not collected with the specific intent of examining predictors of exposure. In most studies of personal care product use, questionnaires request information on use over the 24-48 h before urine sample collection, because the compounds measured are metabolized and excreted from the human body relatively quickly (half-lives of 6-24 h). Our "Always" estimates of sunscreen and mouthwash use likely reflect use over the last day; however, "Sometimes" users may not have had any use during the relevant window of interest. Nevertheless, "Sometimes" users are more likely than "Never" users to have used mouthwash or sunscreen during this time frame which justifies our use of these data. Also, we did not have information on month of questionnaire and sample collection in this data set. However, because phthalates and/or phenols are unlikely to be associated with seasonal variation -except through the sunscreen exposure route -it is unlikely that this would bias our analysis. Additionally, our analysis was limited by our ability to examine only these two types of products in our analysis. This leaves the potential for residual confounding from other personal care product use. Finally, although we were able to quantify frequency of use, the questionnaire data did not inform amount of mouthwash or sunscreen applied at each use or brand. Nonetheless, these limitations primarily would have added measurement error to our analysis, and thus would not have differentially biased our results.
In conclusion, we observed significantly higher urinary concentrations of some phthalate metabolites and phenols in individuals who reported using mouthwash or sunscreen in adult men and women from a nationally representative US sample. Specifically, for mouthwash, MEP, MP, PP, and BP3 were significantly higher in urine of participants reporting "Always" vs "Never" use. These associations were strongest among male participants. Also, triclosan, all parabens, and BP3 were significantly higher in urine of participants who reported "Always" using sunscreen compared with participants who "Never" used sunscreen, and these associations were strongest in women. This is the largest study to date to report on use of these personal care products in relation to biomarkers of phthalate and phenol exposure, and among the first to examine associations in men alone. Although these findings do not suggest that these products should or should not be utilized, they are important for characterizing exposure sources of these compounds and highlight mouthwash and sunscreen as potentially important sources of exposure in the adult US population.
